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SUMMARY 

The resul ts  of deflection measurements made a t   s i x  spanwise s ta t ions  
on the wing of a swept-wing j e t  bomber (Boeing B-47A) during  rolling 
maneuvers are  presented i n  the form of coefficients  expressing  the  deflec- 
tions due to  the  aileron  loads,  the  sideslip  loads,  the  wing-flapping 
inertia  loads,  and the  rolling-velocity  loads on the  airplane. The pro- 
cedures  used to  obtain  the  coefficients  are  presented  along  with compari- 
sons of the  experimental  deflections and twists with  those  obtained from 
theoretical  calculations. Comparisons of measured and computed defleo- 
tions  using  available methods indicate good agreement. Detailed  explana- 
tions of the  least-squares  procedures  used in   the  analysis  of the f l i  h t  
data and the methods used in  the  theoretical  calculations  are  given i E 
the  appendixes. 

INTRODUCTION 

The design of a high-aspect-ratio swept-wing structure  requires  not 
only  the  application of advanced methods of stress  analysis and the  deter- 
mination of the wing stiffness,   but also the  determination of  aerodynamic 
and ine r t i a  spanwise load  distributions  that  would occur  under specified 
fl ight  conditions.   In each f ie ld   the  computations  are  not  only  lengthy 
but are  subject  to a suff ic ient  number of assumptions so  that  the  end 
result  obtained when the  results of the  separate fields are  combined are 
sometimes i n  doubt. 

In  order  to  secure  an  indication on the  accuracy  obtainable i n  each 
field,  as  well as of the  accuracy of the end results, an  extensive 
research-program was undertaken i-n which a Boeing B-47A was used to   ob ta in  
the experimental. data. 

In  one phase of the  research program, deflections of various surfaces 
were measured for  the purpose of comaring  the measured deflections  with 



2 NACA RM ~ 5 6 ~ 2 3 a  

cmputed  values.   Init ial   results on this phase have been given i n  ref- 
erences 1 and 2  which give  the  deflection  influence  coefficients f o r  the 
wing  and the  analysis of the wing deflections  obtained i n   s y m e t r i c a l  
f l i gh t .  

The present  report i s  concerned  mainly with the  analysis of wing 
deflections  obtained under  unsymmetrical flight  conditions. The unsym- 
metrical  deflections were analyzed to  obtain wing deflection  coefficients 
expressing  the  deflections due to  rolling  velocity,  aileron  deflection, 
wing flapping, and sideslip.  Comparisons are made between the  experi- 
mentally  determined  deflections and those calculated  theoretically. The 
procedures by which the  f l ight  data were analyzed f o r  the  various  effects 
and the methods used i n  the  theoretical  calculations are given i n  the 
appendixes. 

SYMBOLS 

b' 

K4 

N 

n 

wing span minus fuselage width, in .   ( f ig .  3) 

normal load  factor   a t   the  t i p  of the rigid. wing  due t o  a 
unit pitching  acceleration 

normal load factor  at the t i p  of the  r igid wing  due t o  a 
unit ro l l i ng  acceleration 

number of equations i n  least-squares  solution 

airplane normal load  factor  at   airplane  center of gravity, 
positive when inertia  loads  are downward (n = 1 i n   l e v e l  
f l i gh t  ) 

normal load  factor.measured at the wing t ip ,  positive when 
iner t ia   loads  are  downward 

normal load   fac tor   a t  wing t i p  due t o  wing flapping,  positive 
when inertia  loads  are downward 

-lane ro l l ing  angular velocity,  positive  for  righ% roll, 
raaans/sec 

airplane  rolling  angular  acceleration,  positive for  increasing 
posit ive ro l l i ng  velocity,  radians/sec2 

airplane  roll ing angular acceleration due t o  loads on horizon- 
tal and ver t ica l  tail, poAtive  for  increasing  positive 
rolling  velocity,  radians/sec2 



airplane  pitching  angular  velocity,  positive  for  airplane 
nose pitching up, radians/sec 

airplane  pitching angular acceleration,  positive  for  increasing 
positive  pitching  velocity,  radians/sec2 

streamwise  distance from intersection of front  spar  center  l ine 
and airplane  center  line,  positive rearward, in .   ( f ig .  3 )  

lateral   distance from airplane  center  line,  positive le f t ,  in.  
(fig. 3 )  

lateral distance from airplane  center  l ine  less one-half the 
fuselage  width,  positive lef t ,  in .   ( f ig .  3 )  

ver t ica l  dimension,  (measured  from  and perpendicular t o   t he  
top of the  fuselage)  positive downward, in.  

total  optigraph  target  deflection measured  from  wing-drooped 
position (ground zero),  positive upward, in.  

target  deflection due t o  wing iner t ia   per  unit airplane normal 
load  factor,  positive upward, in./n 

target  deflection  per  degree of s idesl ip  a t  unit  airplane 
normal load  factor a t  the  center of gravity,  positive upward, 
In. /deg 

target deflection due t o  wing flapping,  positive upward, i n . / q f  

target deflection due to   the  wing airloads when the summation 
of the aerodynamic loads on the  airplane i s  zero,  positive 
upward, in.  

target  deflection  per unit airplane  rolling  velocity,  positive 
upward, in.  /radian/sec 

target  deflection  per  unit   airplane  roll ing  acceleration, 
positive upward, in./radian/sec2 

target  deflection  per unit airplane  pitching  velocity,  posi- 
t ive upward, in.  /radian/sec 

target  deflection  per unit airplane  pitching  acceleration, 
positive upward, in./radian/sec2 
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target  deflection due t o  combined unsyrmnetrical.loadings 
associated w i t h  the  roll ing maneuver, positive upward, in. 

target  deflection due t o  the combined unsymmetrical loadings 
plus the ef fec t  of the  zero-lift  loads and wing droop, 
posit ive upward, in .  

target  deflection  per unit aileron  deflection  positive upward, 
in .  /deg 

=le of s idesl ip ,   posi t ive  for  r ight  wing forward, deg ' 

lef t  wing aileron  deflection,  positive downward, deg 

wing section streamwise  angle of attack,  positive  leading edge 
up, radians 

wing streamwise  angle of t w i s t  due t o  unit aileron  deflection, 
radian/deg 

wing streamwise  angle of twist due t o  unit wing flapping  load 
factor,  radian I-JT / f  

wing streamwise  angle of twist due t o  unit sideslip  angle, 
radian/np 

w i n g  streamwise  angle of t w i s t  due t o  unit   roll ing  velocity,  
, raSan/radian/sec 

L J  

c 1  square  matrix 

II -I1 
c 1 inverse  matrix 

fOl 

{ I  
row matrix 

column matrix 

rectangular  matrix 

diagonal  matrix 

.. . . .. . . -.. . .. .... .. .... 
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AIRPLANE AND TESTS 

The airplane  used i n  the  tes t  was a Boeing B-47A. (See f igs .  1 
and 2. ) The changes i n  the test airplane  configuration from the  standard 
airplane were the  installation of (1) an airspeed measuring boom and 
fair ing on the nose  and (2)  an  external canopy, housing  the  deflection- 
recording  instruments, mounted atop  the  fuselage  approximately a t  the 
intersection of the  airplane  center  line and the wing 38-percent-chord 
l ine.  

The f l ight- tes t   data  used i n  this paper per ta in   to   four   a i leron-rol l  
maneuvers flown during  the B-47A fl ight  research program  conducted a t  the 
NACA High-speed Flight  Station a t  Edwards, Calif. 

The four  aileron-roll maneuvers consisted  of l e f t  and r ight  rolls 
at  Mach numbers of 0.60 and 0.71. The specific  values  of  aircraft  weight, 
center-of-gravity  position, Mach  num-ber, a l t i tude,  and dynamic pressure 
are  included i n  table 1 for  each roll maneuver. 

INSTRUMENTATION AND ACCUFULCY 

The instrumentation  pertinent  to  the results presented i n  this paper 
consisted of a pitch  turnmeter, roll turnmeter, yaw turnmeter,  altimeter, 
airspeed  recorder,  an  accelerometer a t   the   center  of gravity of the  air-  
plane, an accelerometer a t  t he   l e f t  wing tip,  an  aileron  control-position 
recorder, a sideslip  angle  recorder, and an  optigraph  system for  recording 
the wing deflections. 

Corrections were made to  the  recorded  center-of-gravity-accelerometer 
data  for  the small displacement from the airplane center of gravity. 
Corrections were made t o  the  sideslip data for  the  effects of yawing veloc- 
i t y  and induced  flow. The induced-flow effects  were small, that is,  on 
the  order of 3 percent, and were based on estimates of the  flow  around  the 
fuselage and boom. All instruments  used were of  the  standard NAGA photo- 
graphically  recording  type  with  the  exception of the optigraph  system which 
was designed  especially  for  the complete test program on the  airplane. 

The wing optigraph  system  consisted of eight  target lamps on the l e f t  
w i n g  and optical  recording  instruments  located  atop  the  fuselage  approxi- 
mately a t  the  intersection of the  38-percent-chord l i ne  and the  center  line 
of the  fuselage. (See f ig .  3.) To facilitate recording  the  deflections 
optically  in  the  daylight,  high-intensity infrared l igh t  sources were used 
i n  cambination  with  infrared  sensitive  recording  film. The optigraph  sys- 
t e m  was calibrated through  the  use of a calibration  stick,  with 12 lamps 
on it at  6-inch intervals,   held  vertically a t  each target  station  during 
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the calibration. All i n f l i gh t  measurements were made with  reference  to 
the wing-droop posi t ion with the airplane on the ground and with the 
outrigger  gear  clear. 

The instrument sensitivities, locations, and the estimated accura- 
cies of measurement are given i n  table 2. 

METHOD AND RESULTS 

I n  a maneuver combining pitching, yawing, and rol l ing,  the final 
load  distribution may be considered as arising from the  superposition 
of various types of load  distributions.   In the analysis of the f l i g h t  
data and i n  the theoretical   calculations of this paper, the final load 
dis t r ibut ion is considered as having the  eight components enumerated 
subsequently. The wing structural   deflections are assumed t o  be l ine-  
a r l y  related t o  -&gse component load  distributions. The following sym- 
metrical   distributions are considered: 

(1) A zero l i f t  aerodynamic loading a t  zero  airplane  load  factor 
necessary t o  balance  fuselage and t a i l  loads. The shape of this distri- 
bution is  affected by actual  geometric wing twist as w e l l  as by twist due 
t o  the interference  effects of the  fuselage and nacelles. 

(2) An additional  type of load  distribution  proportional  to  airplane 
load  factor. This dis t r ibut ion has aerodynamic and i n e r t i a  subcomponents. 

( 3 )  An airload  distribution  associated w i t h  pitching  velocity which 
is a result of the wing-angle-of-attack change caused by the velocity of 
the wing perpendicular t o  the airstream. 

(4) A loading  associated  with  the angular acce lera t ion . in   p i tch  - 
mainly an inertia  loading. 

The following  unsymmetrical distributions are considered: 

(3) A load  distribution which is  due to   ro l l ing   ve loc i ty  and which 
has aerodynamic and i n e r t i a  subcomponents. The aerodynamic subcomponent 
is a r e su l t  of the wing-angle-of-attack change caused by the velocity of 
the wing perpendicular  to  the airstream. The i n e r t i a  subcomponent i s  a 
result of the  airplane  rolling  acceleration  associated w i t h  the rol l ing-  
velocity aerodynamic load. 

(6) A load  distribution which is due to   a i leron  def lect ion and 
which has aerodynamic and i n e r t i a  subcomponents. The inertia subcomponent 
is a resu l t  of the airplane  rolling  acceleration  caused by the ai leron 
airload. 
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(7) A load  distribution which i s  due to   s ides l ip  and which also has 
aerodynamic and ine r t i a  components. The ine r t i a  component i s  a resu l t  of 
the airplane  rolling  acceleration  caused by the  sideslip  airloads. 

(8) A load  distribution which is due t o  wing flapping - mainly  an 
iner t ia   dis t r ibut ion;   for  this airplane  the  distribution has the  frequency 
of the wing first unsymmetrical  bending mode. 

Analysis of Flight Data 

In  order t o   i l l u s t r a t e   t he  type of f l i g h t  $ata used in  the  analysis,  
time his tor ies  of the  deflection of target  9 and the  associated  airplane 
motions are shown in   f igures  4, 5, 6, and 7 for  the  four roll maneuvers 
investigated. 

The procedure by which such measurements were reduced to  coefficients 
expressing  the  deflection a t  a point due to  the  various  types of loads i s  
as  follows:  In  the  range where  wing section l i f t  and pitching moment due 
to  aileron  are  l inear,   the wing deflections  caused by the  aileron 
aerodynamic-plus-inertia  load component (item 6) may be expressed as 

Also, from consideration of the  loads  involved,  the w i n g  aerodynamic- 
plus-inertia  deflections caused by the  rolling  velocity  (item (5 ) )  of the 
airplane may be expressed as 

The deflection due t o  wing flapping  (item (8)) is a resu l t  of an 
iner t ia   e f fec t  and may be expressed  as 

z = z  "rr"Tr 

The load  factor 1111 at  the wing t i p  caused by wing flapping was obtained 

from. the..-load  factor measured at .the wing t ip , .  by eliminating  the  effect of 
the  airplane center-of-gravity'normal load  factor and the effect  of rolling 
and pitching  acceleration. This is  expressed as 

f 
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where the  expression  within  parentheses  represents  the computed normal 
acceleration a t  the wing t ip   for   the  r igid  a i rplane.  Time his tor ies  of 
the  load  factor 9 computed from equation (4)  are also shown i n   f i g -  

f 
ures 4, 5, 6, and 7. 

Since f o r  a given  sideslip  angle,  the  sideslip  loading i s  re la ted  
mainly to - the   e f f ec t s  of w i n g  deflection and w i n g  angle of attack,  both 
of which are l inear ly   re la ted  to   the  a i rplane normal load  factor,  (see 
appendix B) the  deflection due to  sideslip  ( i tem (7))  may be expressed 
as 

Z = Znpnp (51 

If the effects of aileron,  rolling  velocity, wing flapping, and 
sideslip are combined, the  deflection a t  any point  result ing from the 
unsymmetrical loading  only  can be expressed by the  equation 

From equation (4) of reference 2, the deflections  resulting from 
the symmetrical  loadings may similarly be expressed as 

Zsym = Zo + Znn + Z$ + Z q + Zi 9 (7 1 

By adding the  deflections due t o  equations (6) and (7 ) ,  the   to ta l  
infl ight  deflections.due  to  both  the symmetrical and antisymmetrical 
loadings becomes 

z = (z, + Z i )  + %n + Z C ~  + Zqq + 

In  the analysis of the r o l l  maneuvers contained  herein  the unsym- 
metrical  part of the deflections was isolated from the t o t a l  measured 
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deflections by removing the  effects of the n o m  load  factor and 
pitching angular acceleration and velocity  through  the use of all but 
one of  the  symmetrical  deflection  coefficients  already  derived i n  ref- 
erence 2. The symnetrical  zero-lift and droop deflections Zo + Zi 
were not removed from the   f l igh t  data;  because the factors which a f fec t  
the  zero-lif t  and droop deflections,  such as temperature and possible 
slippages, were suspected  to  vary from f l i g h t   t o   f l i g h t .  The deflec- 
tions due to   the roll effects  
obtained from the  f l ight  data 

During each run the Mach 

plus  zero l i f t  and droop were thus 
by the  equation 

number,  dynamic pressure,  weight, and 
center-of-gravity  position were held~  effectively  constant. Thus, for 
each t a rge t   i n  each run the  residual  deflections, after removing the 
symmetrical  portion, may be represented i n  matrix notation by the 
equation 

where the columns { } on the right-hand side of equation (10) are  

corresponding measured values of tjAIL, np,  and p read from the 

f l i gh t  records a t  0.1-second intervals during the  run. The coeffi- 
cients Zo + Z i  Z E ~ L ,  ZnTf kp, and Zp fo r  each run were solved 

r j  

+f 

f o r  by the method of l ea s t  squares  (see  appendix A)  ; approxhately 
50 data  points  per run were used. 

The typical  time-history  plot  of  the Z T r o 1 l  deflections  given  in 
figure 8 shows the 5 1  points used i n  the  analysis of the roll deflections 
of target  number 9 i n   f l i g h t  10, run 17. Also plotted iin figure 8 are 
the 51 data  points  for  the  total  deflections of target  numbe’r 9 measured 
during  the  roll.  

The values of Zo + Z i ,  Z qP, Z”rf, and Zp coefficients 

calculated  for  each  target  in  each run are  presented  in tables 3 ,  4, 3, 
6AIL’ 
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6, and 7, respectively. Table 8 lists the deflection  caefficients  for 
each target,  the  standard  error of the  coefficients, and the  standard 
error  of the  equation f o r  each target  calculated  by.the method  of 
appendix A f o r  one typical  run, that is, run 17 of f l i g h t  10. In  the 
tables no resu l t s   a re  shown f o r  optigraph  targets numbers 15 and 16 

were too small t o  permit a breakdown into the various  coefficients. 
, because the e f fec ts  of r o l l  on the t o t a l  deflection of these  targets 

Spanwise p lo t s  of the wing deflections  caused by a unit aileron 
deflection  are sham in   f i gu re  9. Similar spanwise plots  for   the wing 
deflection due t o  wing flapping, sideslip,  and rolling  velocity  are 
shown in   f i gu res  10, ll, and 12, respectively. The variation of these 
wing deflections with dynamic pressure is sham in   f i gu re  13. 

A comparison  of the measured wing deflections and those  calculated 
from the  derived  deflection  coefficients  obtained from the f l i g h t  data 
i s  shown in   f i gu re  14 f o r  f l i g h t  10, run 17. 

Theoretical  Calculations and Comparisons 

With Flight Data 

In  the  determination of the  theoretical  curves of wing deflection 
and twist f o r  comparison w i t h  experimental  results  the methods of re f -  
erence 3 were used to  calculate  the  loads  acting  in  each  case. The 
lift-curve  slopes  used  in  the  theoretical  calculations were determined 
w i t h  data obtained from reference 4. The wing s t ructural   s t i f fness  
distributions were obtained from references 5 and 6 .  The wing deflec- 
t ions  result ing from the  application of the  theoretically  calculated 
loads were obtained  through  the  structural  influence  coefficients of 
reference 1. The theoretical  wing twist was calculated by using  the 
theoretical  structural  matrices  calculated by the methods  of reference 3. 
A detailed  outl ine of the  theoretical  calculations is given i n  appendix B. 

Since wing deflections due t o  unsymmetrical  loads  are  not  very  large 
as compared to   t he  symmetrical  deflections, it was deemed.unnecessary t o  
obtain  experimental and theoretical  variations of the  various unsymmetri- 
cal  deflection  coefficients with dynamic pressure and Mach number. As a 
resul t ,  the analysis was confined t o  four r o l l  maneuvers from which only 
one run was selected for comparison w i t h  theoretical   calculations  for  the 
same flight  condition. 

Colqparisons are  made in   f igures  1.5 t o  19 between experimental and 
theoretically  calculated  deflections and twist due t o  the aileron  loads, 
the  wing-flapping inertia  loads,  the  sideslip  loads, and the rol l ing-  
velocity  loads on the airplane. The comparisons 'made pertain t o  a Mach 
number  .of 0.71, a l t i tude  of approximately 35,000 fee t ,  and gross  weight 
of 122,000 pounds which are the f l igh t  conditions of run 17 of f l i g h t  10. 
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The comparisons between calculated and  experimental  deflections due 
to  the  aileron  are shown in   f igure  1.5. The deflections due to  the  theo- 
r e t i c a l  aerodynamic load  are a l s o  shown s o  as to  give  an  indication of 
the magnitude  of the aerodynamic deflections,  the  inertia  deflections, 
and the sum. 

The theoretical  and experimental w i n g  deflections due t o  wing 
flapping  are shown in   f i gu re  16. The data points shown are  the peak 
deflections when the maximum amplitude of the  load-factor  variation 
caused by  wing flapping is  unity a t  the  wing-tip  accelerometer. The 
theoretical  points,  as  explained  in  appendix B, are  the double integral  
of the assumed accelerations due t o  wing flapping. Examination of the 
equations of appendix B shows that good agreement  between theoretical  
and experimental  deflections  for  those  stations  inboard of t he   t i p  sta- 
t ion is a resu l t  of the  assumption made that the  iner t ia   dis t r ibut ion due 
t o  wing flapping was the same shape as the  deflection  curve due t o  wing 
flapping. 

The forces on the airplane  resulting from aileron  deflection and 
wing flapping  are  generated  solely by the wing, but  in  the  case of side- 
sl ip and rolling  velocity  there  are  additional  forces on the  airplane 
generated by the  ta i l .   In   the  calculat ion of w i n g  deflections due t o  
sideslip and rolling  velocity,  account w a s  made of the ine r t i a  deforma- 
tions caused by the  rolling  acceleration  resulting from the t a i l  loads. 

The experimental and theoretical  deflections due t o  the e f fec ts  of 
sideslip  are  given  in  f igure 17. Shown in   f i gu re  17 are  the  deflections 
caused by the  sideslip aerodynamic loads on the w i n g ,  the  deflections 
caused by the aerodynamic plus  inertia  loads on the wing, and the   t o t a l  
wing deflections due to   s ides l ip  on the wing and ta i l .  In  the  theoreti-  
cal  calculations  the  effects of the  sideslip  loads on the  fuselage and 
nacelles were neglected. 

The comparison between the theoretical  and experimental wing deflec- 
tions due to  roll ing  velocity i s  shown in   f i gu re  18. In  a similar manner 
t o  that oT figure 17, the  theoretical wing deflections due to  the  roll ing- 
velocity wing  aerodlynamic loads are shown along with the wing deflections 
due t o  the aerodynamic plus  inertia  forces  in  order  to  give  indication as 
to   the magnitude of the forces  acting. The deflection  caused by the 
rolling-velocity  loads on the t a i l  is also  implicit ly shown i n  the  figure. 
In  the calculation  of  the  loads on the t a i l  (see appendix B) ,  the t a i l  w a s  
assumed t o  roll about  axis of intersection of the  horizontal and ve r t i ca l  
tail.  The calculated  effects of the t a i l  loads  are.considered  to be a t  
the m a x i m u m  since no corrections were made for  interference  effects on the 
tail .  The effect   of , fuselage and nacelle loads on the  rolling-velocity 
deflections was also  neglected. All of these  effects would tend t o  
reduce  the  rolling moment and therefore the wing deflections. 



The experimental and theoret ical  wing twist due to  the  various 
types of w i n g  loadings are shown in   f i gu re  19. The methods by which 
these twists were obtained are out l ined  in  appendix B. 

DISCUSSION 

Deflection  Coefficients 

It may be seen from figures 9 t o  12 that the  deflection  coefficients, 
for  various w i n g  loads, when plotted  against  span pos i t ion   for  each of the 
spars form well-defined.curves. Inasmuch as that the  deflection  coeffi- 
cients of  each  target were determined  independently of the  others,  the 
smoothness of the  curves  indicates that equation (10) which was chosen t o  
represent the data probably  includes all of the  important  variables. The 
va l id i ty  of equation (10) is also  substantiated by the agreement shown i n  
figure 14 between the measured deflections and the  deflections  calculated 
using  the  deflection  coefficients and the measured airplane motions. 

The f ina l   s e l ec t ion  of variables  in  equation (10) was decided upon 
after first eliminating some of the  variables of lesser  importance. For 
example, terms expressing  deflections due t o  yawing velocity,   .sideslip 

I ef fec ts  on the'  deflected  aileron, and the  independent  effects on the fuse- 
lage and t a i l  were originally  included  in  equation (10). It w a s  found that 
not  only w a s  the influence of these components small but a l so  the  standard 
errors f o r  these additional  coefficients were i n  some cases as large as 
the  Coefficients. For the  maneuvers considered,  the  primary  variables 
i n  equation (10) are aileron  deflection and  wing flapping;  sideslip and 
rol l ing-veloci ty   effects  were found t o  be secondary. 

The Z, + Zi coefficients of table 3 obtained from the maneuvers 
, analyzed i n  this report  are of the same magnitude as those  presented i n  

reference  2. The small differences which occur between the two sets of 
data are, as previously mentioned, thought t o  be at t r ibutable  t o  small 
differences  in  sl ippages and temperature  effects.  Theroetical  calcula- 
t ions,   p lots  of the spar  deflections, and variations  with dynamic pressure 
are not  presented  for the symmetrical Zo + Z i  coefficients because  they 
are already  covered i n  reference 2. 

The deflections due to   a i le ron  and s idesl ip  (shown i n   f i g s .  l3( a)  
and l3(c)  ) decrease  with  decreasing dynamic pressure and tend toward a 
value of zero a t  zero dynamic pressure. This trend is expected  since  the 
major variable  affecting  the  deflections  in  each  case i s  the aynamic 
'pressure. 
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In  f igure l3(b), the wing-flapping  deflections  are shown t o  be  inde- 
pendent of dynamic pressure. This f ac t  i s  true because  the  inertia  forces 
are mainly  causing  these  deflections. 

If the e f fec ts  of Mach  number and flexibil i ty  are  neglected,   the 
wing loads due t o  unit rolling  velocity  are  theoretically  linearly  related 
to  the  square  root of  dynamic pressure. Thus, the variation with dynamic 
pressure shown in   f igure  l3(d) i s  somewhat expected. The difference shown 
i n  the  figure between the deflections of a r i g h t   r o l l  and a l e f t   r o l l  i s  a 
centrifugal  effect  which i s  explained by considering that i n  a l e f t  r o l l  
the l e f t  wing deflections due t o  both  the  rolling-velocity  airloads and 
centrifugal  loads are positive and i n  a right  roll   the  airload  deflections 
are negative and the  centrifugal  deflections  are  positive. Because of the 
low-slung nacelles and  high wing  of the B-k7A, calculations  indicate that 
for  any reasonable  vertical  location of the axis of rol l   the   overal l  
effect  of the  centrifugal  forces is t o  bend both  right and l e f t  wing 
upward. 

Theoretical  Calculations and Comparisons 

In  general,  the  theoretical methods predicted the experimental 
deflections  very  well; however, the  better agreements between experimen- 
kal data and theory were obtained for  the  deflections due to   the  a i leron 
deflection and w i n g  flappiing which involved  only wing forces and which 
were previously mentioned as the most predominate deflections  in  the r o l l  
maneuvers. In  the case of sideslip and rolling  velocity,  fuselage and 
t a i l   e f f e c t s  which are  difficult  to  calculate  accurately  tend  to  cause 
more disagreement between theoretical  calculations and  experimental data. 

In  the case of the w i n g  deflections due to  the  aileron,  the  agree- 
ment between experiment and theory is good both  for  vertical  deflections 
and wing twist .  For wing flapping  the  vertical   deflections  are  in 
agreement; but the twist  i s  only i n  fair agreement fo r  the inboard sta- 
tions, and there i s  a large  disagreement a t  the outboard  stations. This 
behavior i s  believed  to be due to   the   fac t  that the pitching  oscillations 
of the combined outboard  nacelle and w i n g ,  which are caused by the  flapping 
of the wing, were not  included i n  the theoretical  twist calculations. 

The deviations  of the experimental data from the theoretical   sideslip 
deflections, shown in   f i gu re  17, are  suspected to be mainly a resu l t  of 
the faul ty  assumptions i n  the theoretical  calculations  since  the experi- 
mental sideslip  deflections (table 6)  are of good behavior and are  consis- 
tently  about  the same magnitude for  a l l  of the  runs. As the  equations  for 
the s idesl ip   effects  used (see appendix B) are  only  approximations t o  a 
d i f f i cu l t  problem, small disagreements  can be expected. Also no account 
was taken in  the  theory  for  sideslip  loads on the  fuselage end the  nacelles, 
both  of which would affect the theoretical  answers. In  figure 19, the 
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experimental &d theoret ical  twists due to   s idesl ip   tend t o  be i n   b e t t e r  
agreement than do the vertical   deflections shown i n  figure 17. 

The experimental and calculated  rolling-velocity  deflections shown 
in   f i gu re  18 a r e   i n  fair agreement. The small derivations shown are not 
surprising if the   i nab i l i t y  t o  accurately  calculate t a i l  loads and the 
neglect of nacelle aerodynamic loads are taken  into  consideration. The 
scatter  in  the  experimental  w i n g  twists due to   rol l ing  veloci ty  shown i n  
figure lg (c )  are probably a resu l t  of the small roll ing  deflections 
obtained i n   t h e   f l i g h t  maneuvers (that is, on the  order of 1 in.  a t  the 
wing t i p ) .  

CONCLUDING REMARKS 

The in f l igh t  wing deformations on the B-47A airplane have been ana- 
lyzed  for  the  effects of the various  types of wing loadings and the 
resu l t s  are presented as deflection  coefficients.  Theoretical results 
combining exis t ing methods of aerodynamics  and stress analysis are a l so  
presented and show good agreement w i t h  the  experimental data. Because 
of the  par t icular  aerodynamic and iner t ia   character is t ics  of the Boeing 
B-47A wing, the w i n g  deflections due t o  roll ef fec ts  were re la t ive ly  
smaller than the symmetrical  deflections  previously  reported i n  NACA 
RM L54K24a.  Even though these  deflections are small, a detailed  analysis 
was possible due t o  the high measuring accuracy  of  the  optigraph  system. 

Langley Aeronautical  Laboratory, 
National Advisory CoIlrmittee for  Aeronautics, 

Langley Field, Va.,  March 1.3, 1936. 
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APPENDIX A 

APPLICATION OF LFAST-SQUARES METHOD TO EVALUATING 

DEFLECTION COEFFICIENTS 

This appendix  outlines  the method used t o  reduce  the wing deflections 
of this report  to  coefficient form. Since  the method has a wider applica- 
tion, it i s  a l so   i l lus t ra ted   in   de ta i l  by obtaining  numerical  results  for 
one of the time histories  given  in  the body of the  report. 

The equation t o  which the  least-squares methods are  applied is  equa- 
t ion (10) of the  text, namely, 

where the columns, , are  corresponding  values of Zvroll, 

nTQ, npJ and p obtained from the  flight  records  at  various  times 
6AIL' 

I 

during  the run. Example values  obtained from figure 5 and equation (9)  
for  these columns a re   l i s t ed   i n   t he  following  table: 

0 
1.0 
2.0 
3.0 
4.0 
5.0 

-0.082 
-9.316 

-6.986 
-9.481 

0 - .415 

nTf 

0.005 - .234 
- .462 
- .016 
' 517 
.308 

0 574 
.658 - ,624 

-2.302 
-3.136 

. -.382 

radian 
p J  sec 

-0.004 - .146 
- .297 
- -273 
.038 
,082 

When .there are more equations  than unknowns the  equations must f irst  
be normalized i n  accordance  with  least-squares  procedures'given i n  refer- 
ence 7. The normal equations from which a solution f o r  the unknown 
deflection  coefficients were obta1ne.d ape as follows: 
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The value of N i n  the  preceding  equations is the number of sets 
of data  available;  in this example, s ix   s e t s  of data  are  available.  In 

these  equations  the  quantity 1 EAIL i s  simply the summation of the 

6AIL column i n  the  preceding  table. The quantity smL2 is simply c 
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the summation of the  square of each number in   t he  6AIL column. The 

quantity 1 EuL3, is obtained by multiplying, a t  each listed time, 

the  value on the 6AIL column  by the  corresponding  value i n  the 

+f 
column and summing a l l  of the  obtained  products. A similar proce- 

dure i s  followed i n  determining a l l  of the  other summations in   the  pre-  
ceding normal equations. 

After  the normal equations have been determined,  the  solution for 
the unknown coefficients 2, + 25, Z 

obtained. The normal equations for  the example are  

6UL’ $fJ %P’ and z, 

6(z, + zi) - 26.2802 + 0.098%~ - 

5 .212kP - o.?gez, = 125.469 

-26.280(2, + zi) + 255.6603622 + 6 4’30032 

15 ..979450~~ + 6.048813% = -520.374736 

6AIL ““.f + 

0 .098(z0 + zi) + 6.7300322 + 0.640394% - 6AIL f 

1 .578110qp + o .223588% = 3.313612 

-5 212 (20 + Z i  ) + 15 -979450Z6ML - 1.5781102 + 
*f 

16.431440%~ + o .569510z, = -106.342230 

-0.592(Zo + Z i )  + 6 .ob88132 
E m  “rr + 0.2235882 + 

o .569510~p -I- O.192238Zp = -11.454072 
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The preceding  normalized  equations were obtained from only six sets 
of data .and are presented here only t o  demonstrate  the method; actually 
the coefficients were determined from 51 s e t s  of data i n  order to   ob ta in  
more accurate  values of the deflection  coefficients.  Further  discussion 
is  based on the normal equations  obtained from 5S s e t s  of data points   for  
f l i g h t  10, run 17 of f igure 5 as follows: The normal equations i n  this 
case were 

-233.831( zo + Z i  ) + 2092  .Yj”7223Z6m - 11.527022 
“.Tf + 

which when solved sFmultaneously  give 

znp = 0.163 = -2.346 
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Sul3stitution of the  coefficients  in  equation (10) gives: 

' ro l l  = 23.047 + 0 .kg42 6AIL - 2.218% -I- 0.163np - 2 . 9 6 ~   ( ~ 1 6 )  
f 

The solution  to  the normal equations  presented i n  this paper were 
obtained  through  the  use of Crout's method (ref .  8), because it w a s  
easily  applicable  to computing-machine use. 

An estimate of the   ab i l i ty  of equation ( ~ 6 )  t o  f i t  the measured 
deflections i s  given by 

Standard  error of fit = f LI \I N - U  

where N equals  the number of equations (51 in  the  case  cited) and U 
equals  the number of unknowns ( 3 ) .  

The summation of devZations  squared term, 1 (de$), w a s  obtained 
from : 

These sumations  are  given  for N = 51 i n  equation (All) t o  ( A l 5 ) ,  
with  the  exception of Ztroll 2 which were obtained by summing the  squares 

.of the 31 values of Z'roll. The standard  error of f i t  for target  9 was  
t0.176  inch, which indicates  that  the  average  deviation of the measured 
deflection data points from the  determined  equation is  approximately 
k0.176 inch. 

The standard  error of each of the  coefficients was obtained by the 
equation 

Standard error  of coefficients = (Standard  error of equation) 
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The values of the fl coefficients were determined from the numbers 
in  the  matrix of the normal  equation (All) t o  (Al? ) ,  as follows. 

The normal equations  (in  matrix form) for the  51-point example pre- 
sented  previously  are : 

? = <  

The inverse of matrix LA] is (giving only the  diagonal  elements) 
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or 

YC,, --- 

[A] -' = 

Thus the  standard  error 
for  this example were 

"- 

"- 

c33 

"- 
"- 

C& --- 
--- C5? 

21 

S of the  coefficients  denoted by the  subscripts 

t o .  033 

fO . o n  

t o .  065 

to. 022 

to. 342 
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APPENDIX B 

TBEORETICAL DEFLECTION COEFFICIENTS 

NACA RM ~ 5 6 ~ 2 3 3  

In  the  theoretical   calculations  presented  in  the body of the  report  
the  effects of the wing airload, the  effects  of the  roll ing  acceleration 
due to   t he  wing airloads,  the  fuselage  airloads,  and  the  airplane t a i l  
loads have t o  be  considered. The general  procedure w a s  to   calculate   the 
wing airloads  and  the  rolling  acceleration resulting from these loads by 
the methods of reference 3 and, when necessary, t o  approximate the  rol l ing 
acceleration due t o  the  fuselage and tail loads by the methods included 
i n  this appendix. 

A' 

Cm 
&AIL 

g 

I X  

K 
&AIL 

mO 

r 

S 

v 
a 

t 

da, - .  
dn 

SYMBOLS PERTINENT To APPENDIX B 

amplitude of oscil lation,  in.  

aileron-section  pitching moment  due t o  unit aileron  deflection 

acceleration due to   gravi ty ,  96.4 in./sec 

airplane  roll ing moment of iner t ia ,  490 X 10 lb-in.2  (obtained 

2 

6 
from ref. 9)  

aileron-section  effectiveness  factor 

wing-section  lift-curve  slope 

spanwise distance  to  vortex  center  line,  in. 

t o t a l  w i n g  area,  in. 

true  free-stream  velocity,  in./sec 

wing-section  streamwise  angle of attack,  positive  leading 

2 

UP 

time,  sec 

wing-section t o t a l  angle of attack  per  unit load factor  
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- deY 
an slope of elastic  axis  deflection curve  per unit  load  factor 

A wing  sweep angle,  positive  for sweepback, deg 

(I) circular frequency of the wing flapping 

Matrix  notation: 

CAI  structural  matrix  expressing  the wcing angle of twist caused 
by the  nacelle  pitching moment ( re f .  3 )  

LQJ geometry matrix t o  determine rol l ing moment associated  with 

( 9  
known wing loads 

wing-section l i f t ,  lb/in. 

angle of attack  induced on the wing  due to  the  fuselage 
overvelocities caused by s idesl ip  

[Sl + Si] aerodynamic downwash matrix  calculated from the geometry of 
the wing and fuselage  vortices 

Pil structural  matrix  relating wing t w i s t  t o  the wing loads 

e1 diagonal  matrix i n  which diagonal  elements  are  equal t o  u n i t y  

{ %3} wing-section  streamwise  angle of attack  in  the  f l ight  condi- 
t ion  due to  all   effects  other  than  the  angle of t w i s t  due 
to .   0 .23~   a i r loads  

{ a%41L} 
wing-section  angle of attack  caused by wing twist due to   a i leron 

pitching moment caused by unit aileron  deflection 

w i n g  angle of attack  caused by the  roll ing  acceleration  inertia 
deformations 

structural  matrix  expressing  the w i n g  deflections due to   the 
wing-quarter-chord  loads 

{%} column matrix  expressing  the  centrifugal  deflection of the 
wing caused  by a unit rolling  velocity a t  n = 1 
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structural   matrix  expressing  target  deflections  per  unit  

(.> 
rol l ing  accelerat ion 

matrix of w i n g  target  deflections 

matrix of wing-flapping normal load  factor a t  the  optigraph 
targets ,  when 9 = 1 

f 

q* aynamic pressure 

The theoret ical  unsymmetrical  aeroaynamic loads are given  by equa- 
tion  (24) of reference 3 as 

In  order t o  account f o r  rol l ing  accelerat ion  f lexibi l i ty   effects ,  
where the  roll ing  acceleration is a function of the airloads on the 
wing, the  equation 

was solved  simultaneously  with  equation (Bl) so as t o  give the wing 
loads and the  rolling  acceleration  associated  with  each  flight  condition. 

The effect ive wing angles of attack 
{ug} 

due t o  aileron, side- 

s l ip ,  and rol l ing  veloci ty  were determined separately and in se r t ed   i n  
equation ( B l )  so t h a t  each  solution gave the wing airload and the  rol l ing 
acceleration  resulting from that angle-of-attack  distribution. 

The w i n g  bending and tors ional   s t i f fness   dis t r ibut ion of references 5 
and 6 were used i n  the determination of the  s t ructural   matr ices   in  equa- 
t i on  (Bl). The w i n g  w a s  t reated as a cantilever beam fixed a t  the  inter-  
section of the w i n g  38-percent-chord l i ne  and the  fuselage w a l l .  The 
geometry and downwash matrices of the above equation were calculated f o r  a 
vortex  system of 10 vortices  per semispan. The spanwise location of these 
vortices may be deduced from the t w i s t  comparison figure  (fig.  19) where 
the  theoretical twist data points  are shown. The values of the  section- 
lift-curve  slopes % were determined  through the use of the above equa- 
t ion  as applied  to  the wind-tunnel  symmetrical data of reference 4 and 
includes  correction t o  the Mach  number .by use of the Prandtl-Glauert 
equation- 



NACA RM ~ 5 6 ~ 2 3 a  d 25 

In  the  determination of the  aileron  airload on the  f lexible wing 

The aileron-section  effectiveness  factors, +saL} were obtained 

from reference 10. The matrix 

values of C obtained from reference 6 i n  conjunction  with  the 

proper  structural  matrix  determined by the method previously mentioned. 
The "i, column matrix was calculated by applying  the  rolling  accelera- 

t ion  iner t ia   dis t r ibut ion  to   the wing through theoret ical   s t ructural  
matrices. 

{%EAIL} 
w a s  determined  by  using the 

m%JL 

In  the  case of rolling  velocity p, the  equation 

{%} = { F ) P  + {5}5 

again  includes  the  effects of i ne r t i a  on the  f lexible wing. 

The sideslip  distribution was calculated as 

which is  the  result  of the  flexible swept wing and fuselage  sideslipping 
a t  n = 1 and which includes  the  effects of wing'dihedral and fuselage 
overvelocities  calculated by the methods  of references 11, 12, aiid 13. 

In  the  case of s idesl ip  and rolling  velocity, where the  associated 
rolling  acceleration of the  airplane is  affected by the t a i l  loads,  the 
wing deflection  caused by the   t a i l   loads  was handled  separately and 
superimposed on  wing effects  t o  obtain  the wing deflection due to   t he  
cumbined effects  of  wing and t a i l .  The vertfcal-tail ' - load  effect   in 
sideslip was calculated by using a of 0.045 (estimated from pre- 

liminary  strain-gage data obtained in   the   F l igh t  Research  Division of 
the Langley Aeronautical  Laboratory) and by  assuming the  roll ing axis 
t o  be through  the  airplane  center of gravity and pa ra l l e l   t o   t he  fuse- 
lage  axis. The hor izonta l   t a i l  w a s  assumed to .   ac t   i n   t he  same manner 

cLP 



26 - NACA RM ~ 5 6 ~ 2 3 a  

as the wing in   s ides l ip .  The angle of attack of the  horizontal. tail was 
calculated from the  airplane  tail-off  pitching moment at n = 1. 

In calculating  the  effect  of t a i l  load on rolling  velocity  deflec- 
tions  the t a i l  w a s  assumed t o  be rolling  about  an axis passing  through 
the intersection of the  ver t ical  and horizontal ta i l .  ‘The w i n g  cz  dis- 
t r ibut ion due to   ro l l ing   ve loc i ty  was assumed t o   a c t  on the ta i l .  

Once the to ta l   a i r loads  and rolling  accelerations were determined 
for  the  flight  condition,  the  theoretical-angle-of-attack change due t o  
wing twist was calculated from the  equation 

{ a }  = [S2]{z} + {%}$ 

I n  the case  of wing twist due to  aileron,  an  additional term 

J a C  m6ML}6uL was included i n  equation (€36) t o  account fo r  w i n g  t w i s t  

due to   a i leron  pi tching moment. 

In  the  calculation of the  theoretical angle of twist due t o  wing 
flapping, an inertia distribution which had a value of unit load  factor 
at the wing t i p  and w a s  the shape of the  wing-flapping  deflection  curve 
w a s  applied  to the wing through  the use of a proper  structural  matrix 
calculated  by the method previously  mentioned. No account was taken of 
pitching  oscil lations of the wing or  nacelle  caused by wing flapping. 

The deflections were determined from the  equation 

where the  matrices I I 6z 11 were determined from the  influ- 

ence coefficients of  reference 1. 

The wing deflection due to   a i leron w a s  calculated by  using  equa- 
t i on  (B7) and altering the I I 62 11 matrix t o  account f o r   t h e   s h i f t   i n  

position of t he   l i f t i ng   l i ne  from the  quarter-chord  line a t  the aileron 
i n  accordance w i t h  reference 14. A .  term { $1 p2 was added t o  equa- 

t ion (Bk) in   the  calculat ion of rolling-velocity wing deflections, which 
accounted for  the  centrifugal  effects on the  deflected w i n g .  In   the  
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calculation of the {€$,} matrix,  the  vertical  location of the air- 

plane  center of gravity was assumed t o  be a t  Z" = 56 inches,  obtained 
from reference 9. 

The deflections  associated  with wing flapping were theoretically 
checked by assuming sinusoidal  oscillations and calculating  the  ampli- 
tude of osci l la t ion from the  equation 

2 
" - A'U s i n  ut 
dt2 

2 

or 

nfg = A'u, s i n  at 2 

where u) was measured from the  time-history  plots of . The span- 

wise  shape of the wing acceleration  distribution due t o  wing flapping r q  
was assumed t o  be of the same shape as the wing deflection  curve  associ- 
ated with nf. 

nTf 

Thus, a t   t h e  maximum amplitude where s i n  cut = 1 
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TABLE 1.- FLIGH" CONDITIONS 

Flight Mach Maneuver Run 
.nmber 

8 

.7l Right  roll 18 10 

.7l Left roll 17 10 
0.60 Left roll 15 

12 I 141 Right roll1 .60 I Dynamic pressure, 
Lb/sq ft 

34,500 
34,900 
35,300 
34,800 ti Aircraft 

weight, 

116,000 
122,000 

121,000 

117,000 

Position 

percent 
M.A.C. 

of c.g., 

16.04 
22.48 

25 979 
13 50 



TABU 2.- INSTFZU@XT LOCATIONS, SENSITIVITSES, AND ACCURACIES 

Instrument 

Aileron-angle  recorder . . . . . . . 
Sideslip-angle  recorder . . . . . . 
Airplane-center-of-gravity 

accelerometer . . . . . . . . . . 
Wing-tip accelerometer . . . . . . . 
Pitch-angular-velocity  recorder . . 
Pitch  angular  acceleration 
Roll-angular-velocity  recorder . . . 
Roll angular acceleration . . . . . 
Optigraph target 9 . . . . . . . . . 
Optigraph target 10 . . . . . . . . 
Optigraph target 11 . . . . . . . . 
Gptigraph target I 2  . . . . . . . 
Optigraph target 13 . . . . . . . . 
Optigraph target 14 . . . . . . . . 
Optigraph target 15 . . . . . . . . 
Optigraph target 16 . . . . . . . . 

Location 

aRead manually as  slope of velocity  trace. 
b~bsolute from  ground zero. 

Sensitivity on 
recording film 

0.060 in .  /deg 

0.100 in.  /deg 

0.987 in./n 
0.304 in.  /rq 

4.016 in./radian/sec 
.5O = 0.99 radian/sec2 
1.027 in./radian/sec 

.5O = 0.25 radian/sec2 

0.0212 in./in. 

V. 0204 in. /in. 
0.0283 in.  /in. 
0.0272 in./in. 
0.0230 in./in. 
0.0212 in./in. 
0.0165 in./in. 
0.0152 in.  /in. 

Combined accuracy of 
instrumentation 

and reading 

io. 4' 
to .  20 

t o  .010 

t0.005  radian/sec 
to .01 raaan/sec2 

f0.020 ra&an/sec;? 
f0.01 rs&an/sec2 

f0.2 in .  (incremental) 
$0.46 in.  

t0.46 
kO.46 
fO .46 
to. 46 
to. 46 
io. 46 

ko .025 

to.46 
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TABLE 3.- mO-LIFT PLUS DROOP WING  DEFLECTION  COEFFICIENT Zo + Zi 

Flight 

' 8  
10 
10 
12 

TABLE 4.- AILERON  WING  DEFLECTION  COEFFICIENT Zsm 

I Flight I Run Aileron  wing  deflection  coefficient,  in./deg,  at  target - 
9 12 I 13 I 14 11 10 

8 
10 

TABU 5.- WING-FLAPPING  WING  DEFLECTION  COEFFICIENT 

Wing-flapping  wing  deflection  coefficient,  in./nTfJ  at  target - 
Flight  Run I 14 13 9 1  10 

10 -2.218 17 
8 -1 2 4 1  -1.176 -2.136 -2.219 15 

-2.247 -1.190 
10 

-2.310 14 12 
-1.113 -2.225  -2.131 18 -1.196 

-0.493 

- -629 -.461. 
- -695 - .510 -1.349 

-0.614 

-2 194 - .560 -1.342 -1 269  - .667 

TABLE 6.- SIDESLIP  WING  DEFLECTION  COEFFICIENT !&p 

9 10 11 12 I 13 I 14 
L 

8 

. 6 5  - 073 . u 6  14 12 
18 10 

.029 .048 .I22 .111 .192  .163 17 10 
0.049 0 * 035 0.074  0.074 0.128 0.111 15 

.094  .094 
.076  .009 .031 

.152 - 157 037 -042 

TABLE 7.- ROLLING-VELCCITY  WING  DEFLECTION  COEFFICIENT Zp 

I I /Rolling-velocity  wing  deflection  coefficient,  in./radian/sec,  at  target -1 
Flight Run 

9 14 13 12 11 10 1 
8 

-1.259 --872 
- .788 -1.505 

-2.708 -1 A11 18 10 

-0.999 -0.387 -1.482 -1.278 
-1.255 -2.674  -2.346 17 10 

-5.252 -2.540 15 
-.753 

"317 
"524 

- * 633 
-.a1 12 -1.102 - .797 -1.777  -1.283 14 



TABU 8.- TYPICAL TARGET DEFLZCTIONS AND STANDAFD ERROR FOR FLIGHT 10, RUN 1.7, LEFT ROLL 

Target 

9 

10 

11 ) 

I 2  

13 

14 

‘roll 
( 4  

to.  176 

fO 337 

*O .loo 
to .  161 

*o .071 

f o  .081 

Target deflection  coefficient and standard error  for - 
zo + z i  

23.047 f 0.053 

24.464 f Q.100 

13.316 f 0.029 

14.388 f 0.047 

7.387 f 0.020 

8.560 f 0.023 

Z 
B A I L  

0.494 f 0.011 

0.578 f 0.022 

0.237 f 0.005 

0.296 f 0.010 

0.096 f 0.004 

0.143 f 0.004 

z”rf 

-2.218 f 0.065 

-2.247 f 0.122 

-1.190 f 0.035 

-1.349 f 0.057 

-0.510 f 0.025 

-0.695 f 0.029 

h s  

0.163 f 0.022 

0.192 f 0.042 

0.111 f 0.011 

0.122 f 0.019 

0x48 t 0.008 

o .029 * o..ao 

1 
ZP 

-2.346 f 0.342 

-2.674 f 0.651 

-1.255 * 0.192 
-1.505 f 0.309 

-0.788 f 0.137 

-0.753 f 0.156 

aStandard error of the equation for each target  calculated by method o f  appendix A. 

w w 



L-86692 
Figure 1.- Photograph of test   airplane.  



. n ~  I 16' at  0" dihedral 

I 18' 6" -I m 3' 

35 

Figure 2.- Three views of tes t   a i rplane.  



Optigraph-target locations 
Target  no. 

I 10 
I I 

1 529.0 1 681.0 I 
I I 1  

I I 

I 370.4 I 517.5 1 

I I 4  I 331 .O I 389.0 I 

Y= 0 

Q Optigraph  targe 

0- Optigraph camera, 

Figure 3.- Location of optigraph camera  and targets used during  test. 
A l l  dimensions are given i n  inches. 

!t 



0 .4 -8 1.2 1.6 2.0 2.4 2.8 3.2 3.6 4.0 4.4 4.8 5.2 5.6 6.0 

Time, seconds 

Figure 4.- Time-history data  for  flight 8, ruzl 15, left roll, Mach num- 
ber 0.60, altitude 34,500 feet, 
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Figure 5.- Time-history  data f o r  f l i g h t  10, run 17, l e f t   r o l l ,  Mach num- 
ber 0.71, al t i tude 34,900 feet .  
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40 NACA RM L56~23a 
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Figure 7.- Time-history  data  for  flight 12, run 14, right  roll, Mach num- 
ber 0.60, altitude, 34,800 feet. 
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41 

0 .4  .8 1.2 1.6 2.0 2.4 2.8 3.2 3.6 
Time, seconds 

Figure 8.- Typical  time history  of  target 9 deflection 
after  symmetrical  deflections were  removed, showing 
used  in  analysis. 
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Figure 9.- Flight-test  front-spar  deflections  due to aileron  deflection 
of lo, altitude  approximately 35,000 feet.  (See table l.,) 
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Figure 10.- Flight-test  front-spar  deflections  due to wing-flapping  load 
factor, nTf = 1, altitude  approximately 35,000 feet.  (See table 1. 
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0 .L .2 .3 .4 .5 .6 .7 .8 .9 1.0 
Y /b' /2 

Figure 11.- Flight-test  front-spar  sideslip  deflection  per np, altitude 
approximately 33,000 feet. (See  table 1.) 
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Y'/b'/2 

Figure 12.- Flight-test  front-spar  deflection  due to rolling velocity of 
one  radian  per  second,  altitude  approximately 35,000 feet. (See ' 
table 1. 
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Figure 13.- Variation of  left wing tip, target 9, deflection  coefficients 
with  dynamic  pressure. 
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Figure 14.- Time-history  comparison  of  measured  and  calculated  target 
deflections  about lg level-flight  condition. 
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Figure 15.- Comparison  of  experimental  and  theoretical  aileron wing 
deflection  coefficients. 
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Figwe 16.- Comparison of experimental  and  theoretical  wing-flapping 
deflection  coefficients. 
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Figure 17.- Comparison of experimental  and  theoretical  sideslip  wing 
deflection  coefficients. 
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Figure 18.- Comparison of experimental  and  theoretical  rolling-velocity 
wing  deflection  coefficients. 
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